Rehabilitation of a patient is a process that involves the knowledge of the professional regarding the health condition and the repercussion it has on the life of the individual, as well as a broad scientific knowledge about the functioning of the human body, so that consistent decisions may be made 1 . In this process, assessing the situation, planning and choosing the best available evidences to perform clinical tasks is paramount to systematize decisions and optimize results 2 . Many rehabilitation techniques described in the literature may help guide the intervention of professionals, such as physical training, kinesitherapy, robotic therapy, hydrotherapy, music therapy, intracortical stimulation and mental health practices, task-oriented training, mirror therapy, among others [3] [4] [5] [6] . Virtual reality (VR) is a therapeutic approach that has been used in the field of rehabilitation in recent years. In this approach, users interact with virtual objects through the movements of their hands and body, or through tactile interfaces (gloves, joysticks, mouse), performing actions in a simulated environment 7 . The invention of low-cost human movement sensors in commercial game systems has made it easier to use video games for rehabilitation 8 . Examples of these systems include the Kinect for Microsoft's Xbox ® , the Nintendo Wii ® and the PlayStationMove ® by Sony. The use of VR has increased the potential for motor learning and neuroplasticity during rehabilitation. A study using magnetic resonance imaging found consistent results, showing a reorganization of the sensorimotor cortex 9 . Functional improvements have also been associated with the use of VR by rehabilitation professionals. Allain et al. 10 pointed out that performing a task in a virtual kitchen anticipated carrying out the task in real life. The virtual practice of shopping for groceries is associated with an improvement in the performance of actual grocery shopping 11 , and patients who interact with the virtual world have fewer limitations when performing daily activities 12 .
When VR has been applied in the rehabilitation of patients after strokes, it has mainly been used to help in the functional recovery of upper limbs, cognitive function, posture control and balance 13, 14 . Deficiencies in the upper limb after strokes may negatively impact the daily life of patients, by limiting their ability to carry out essential tasks that are necessary for an independent life 15 . The VR offers a rich environment in which patients may, after a stroke, solve problems and develop new abilities 16 . Considering the above, this study aimed to review and analyze information from the literature on the main intervention protocols delineated by rehabilitation professionals, using VR in commercial video game systems for the treatment of patients who had suffered strokes, while also identifying the most common outcomes found by these professionals.
METHODS
This was an integrative literature review, consisting of the analysis of relevant research that gave support for decision-making and the improvement of clinical practice, thus offering instruments for evidence-based practices 17 . An integrative review allows one to summarize the existing knowledge regarding a certain theme and identify how the data from previous publications can be used, in addition to pointing out the gaps in the knowledge that need to be researched by other studies 17 . This review was elaborated in the following stages, as suggested by Souza et al.
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: delimitation of the theme, hypothesis of the integrative review and objectives; determination of inclusion and exclusion criteria (sample selection); establishment of which data banks should be researched; definition of what information was to be extracted from selected articles; result analysis; discussion and presentation of the results; and, finally, the presentation of the review.
The research took place in April 2018, and the criteria for the inclusion of the studies were: articles that used commercial video game system VR in the rehabilitation of patients who had strokes; were published in 2011 or later; and had their entire content made available. There was no restriction regarding language; however, the Portuguese and English languages were chosen as the basis of the theoretical framework of this review. The bibliographical research was conducted in the LILACS and Medline (PubMed) databanks. The following descriptors, available on DeCS (the Health Science Descriptors website), were chosen for the search of the databanks: virtual reality exposure therapy; videogames; rehabilitation.
The research was conducted by two independent researchers, using the same descriptors, filters and databanks. Filters were used to exclude articles that did not have abstracts and those that were themselves literature reviews. After the filters were used, the abstract and content of the articles were carefully analyzed by two independent researchers who excluded studies with the following traits: interventions that were not focused on rehabilitation; development of intervention protocols in computer games; studies whose participants had primary health conditions different from those of stroke patients; studies whose games were classified as Exergames; articles with qualitative methodologies; and studies that used the video game in the residence of the participants and not in a clinical environment, which is known as telerehabilitation.
RESULTS

Characteristics of included studies
The research strategy using the different descriptors and combinations resulted in 1,396 studies on the theme, from which 1,355 were left after duplicates were excluded. From these, 883 were excluded as they did not make their complete content available, 441 were excluded after their title and abstract were read, 10 were removed after the entire text had been analyzed and eight because they had been published in other languages. There were 13 studies left, which were selected. The main reasons for the exclusion of the articles were: research focused on Exergames and telerehabilitation, research that applied VR to patients with conditions other than a stroke, and research that used computer games and not commercial gaming systems. The Figure is a flow chart detailing the selection of the studies.
Information regarding the title, authors, year of publication and periodical where the studies were published are shown in Table 1 Table 2 shows the data on the design, sample, video game system and games used in the articles selected for this review.
Most of the case studies selected (n = 9) were randomized clinical trials and four of them were quasi-experimental clinical trials. Studies #3 and #6 used a control group, with no participant randomization; studies #9 and #10 had no control group for comparison of the results. No study had gender restrictions regarding the composition of its sample. Most researchers analyzed a sample that included only adults (6) or included adult and elder (5) populations in their samples, and an age group varying from 18 to 85 years of age. Only two studies analyzed a sample comprising elders alone. The number of participants varied from 5-47. As for the time passed since the stroke, 11 studies were conducted with chronic patients, while two included patients who had a stroke less than six months prior.
The most common video game system was the Nintendo Wii ® (n = 8), followed by the Xbox 360 ® (n = 3). Two studies combined different video game systems in their intervention protocols. One study used the Nintendo Wii ® and the Xbox 360 ® , while the other used the Xbox 360 ® and the Playstation ® SeeMe during intervention. The games chosen in the intervention protocol were mainly sports games, most frequently boxing, tennis, football and bowling. Table 3 is a summary of the main objectives, outcomes and assessment measures, intervention protocols and results described in the articles selected for this review. These studies had varying objectives and presented, especially, (a) objectives regarding the effects of VR on different physical and functional aspects of the patients or (b) compared the efficiency of VR to that of traditional treatments and/or different combined intervention techniques.
Main outcomes, intervention protocols and results from the virtual reality activities in patients after a stroke
Among the analyzed investigations, the main outcomes evaluated were balance (six studies), upper limb motor function ( five studies), quality of life ( four studies) and daily living activities (DLA) in three studies. Other, less frequent outcomes evaluated included dexterity evaluations, movement amplitude, spasticity, grip force, physical function, falls, walking, acceleration and movement repetition, energy expenditure, postural control and performance in the video game.
Regarding the assessment of the outcomes, there was a great variety of tests and instruments used to evaluate the participants in the studies. The most commonly used were the Fugl-Meyer Assessment ( five studies); the Berg Balance Scale and the Timed Up and Go test, both used in four studies; the Barthel Index (three studies); and the SF-36 Questionnaire, the 10-minute Walk Test and the Functional Reach Test, each used in two studies.
Regarding the intervention protocol, two studies evaluated the effects of an intensive single-session training; six and five studies, respectively, applied VR two or three times a week. The length of each session varied from 30 to 120 minutes, lasting from 30 to 60 minutes in most protocols ( four studies each). The intervention also lasted from two to 12 weeks, although six was the total duration of the intervention in most studies ( four studies), followed by four and eight weeks (two studies each). Regarding studies that investigated the effects of the VR on different physical and functional aspects of the patients, most indicated the efficiency of VR regarding the outcomes of dynamic balance ( five studies), upper limb motor function ( four studies) and quality of life (three studies). Improvements in other outcomes such as dexterity, spasticity, grip force, physical function, walking, DLA, repetition and acceleration of movement, energy expenditure, posture control and falls, were each described in only one study.
The results comparing the VR with conventional treatments indicated that VR is more efficient, especially in the dynamic balance outcome (three studies). For most studies, conventional or standard treatments were those that described weekly sessions of physical or occupational therapy, lasting 30 minutes. For the group of patients who were submitted to VR therapy, each of the following outcomes were significant in only one study: quality of life, movement amplitude, upper limb motor function, dexterity, spasticity, DLA, walking, repetition and acceleration of movement and posture control.
Some studies indicated no difference between the benefits of the control group (under conventional treatment) and the intervention group (VR). The outcomes that had the same results comparing the groups were static balance, DLA, walking and dynamic balance, each mentioned in two studies, and quality of life, mentioned in one.
DISCUSSION
Virtual reality is a technique used in multiple areas and comprises various equipment, hardware and software. It has been applied in research, education, evaluation and therapeutic intervention or rehabilitation 18 . The growing number of publications in recent years, especially since 2014, indicates the interest of researchers and clinicians in VR. This Table 2 . Characterization of the selected articles regarding type of study, age group, sample, video game system and games. The functional movement amplitude scores were significantly better in both groups, though the IG had better scores than the CG.
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Investigating the therapeutic effects of VR associated with conventional physical therapy on balance while walking, and on the event of falls in stroke patients.
Balance while walking:
Dynamic Gait Index Two weekly sessions of 60 minutes each, for two weeks Dynamic Gait Index scores improved in both groups, but only the CG showed a significant difference before and after the treatment.
Falls: number of falls (occurrence). CG: 60 minutes of CSPT
The number of falls after intervention diminished, but only in the IG was this difference statistically significant. IG: 10 minutes of CSPT + 45 minutes of VR There were no significant differences between groups.
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Investigating the effects of VR on balance training using the Kinect for Xbox games in chronic stroke patients. 10 ; SRP: Standardized Rehabilitation Program, characterized by the authors as focused on increasing strength, resistance training, walking training and DLA training 13 . SSQOL: Stroke-Specific Quality of Life Scale increase may be related to the improvement and popularization of this technology, which has enabled professionals to access digital media, directly influencing the studies that use this technique 19 . This review sought to analyze intervention protocols used by rehabilitation professionals, who used VR in commercial video game systems. In this context, the studies analyzed were mostly randomized clinical trials, which were created specifically to analyze the effects of a specific intervention 20 . Thus, randomized clinical trials were, among primary studies, the most relevant for the objectives of this review.
The predominance of studies, with a sample comprised specifically of adults, is in line with the epidemiological changes in the incidence of stroke in the last decades. Although the occurrence of stroke is associated with aging, data from 119 countries has shown that the number of cases in the age group 20-64 increased from 25% in 1990 to 31% in 2010 21 . Most analyzed studies evaluated the efficiency of VR in patients with chronic strokes, though the rehabilitation techniques commonly used in this population are focused on the first three months, that is, in the acute stage of the disease 22, 23 . The results of this review reiterate the recent change in the rehabilitation intervention paradigm, regarding the time required for a possible motor recovery. Recent studies have presented new experiences that have demonstrated functional gains, even after the spontaneous recovery period 24, 25 . The results of this review showed that the Nintendo Wii ® was the most commonly used video game system in the articles analyzed. The Nintendo Wii ® is a low-cost piece of equipment that is easy for the therapist to handle and can be operated independently by the patient 26 . Another commercial video game system used in the protocol of the studies was the Xbox 360 ® , used in the interventions of five studies. It was used in isolation in three of these studies and combined with other systems in the other two. The fact that the Xbox 360 ® was used less frequently in the intervention protocols may partially be explained by the fact that it has been on the market for less time 27 . The Xbox 360 ® was released in 2010, while the Nintendo Wii ® has been on the market since 2006. Nonetheless, the Xbox 360 ® has advantages when compared with the Nintendo Wii ® , as it has a more advanced technology, more realistic and less childtargeted characters, in addition to allowing the interaction of the user with the virtual environment without the need of a manual controller 27 . As a consequence, the Xbox 360 ® may offer a better game interface with the player and has broader applications in the therapeutic process, for instance, for patients whose manual functions are more compromised, as no object needs to be gripped throughout the game.
Sports games were the most frequently used in the analyzed studies, which may be related to the main outcomes evaluated in the articles. Balance and motor function were the main outcomes evaluated in the studies that were part of this review, followed by quality of life and DLA. The other evaluated variables were related to dexterity, movement amplitude, spasticity, grip force, physical function, walking and falls. These findings indicate that most studies investigated the effects of VR on outcomes related to structural components and body functions, especially regarding the vestibular system and neuromusculoskeletal functions.
According to the World Health Organization (WHO) 28 , a health condition such as a stroke can impact different areas and health components of the health and life of a person. Body functions are physiological functions of the body systems and structures involving the anatomic parts of organs and limbs 28 . These are components of human functionality that may be impacted by a stroke. In this review, few studies analyzed the effect of VR on the components of activity and participation. The WHO 28 describes activity as the execution of a task or action by an individual, while participation is this individual's involvement in daily living situations. Considering these concepts, the activity component was investigated in only three studies, and four studies evaluated the quality of life outcome. However, despite the guidelines for adult stroke rehabilitation and recovery 25 recommending the evaluation of participation through measures of quality of life, the correlation of this information with participation should be done with care. Quality of life relates to how people "feel" about their health conditions or their consequences 28 . Therefore, the quality of life is a construct of "subjective wellbeing" and functionality, on one hand but, on the other hand, refers to objective external signs from the individual 28 . As guidance for the development of future studies, the WHO suggests the formulation of investigations that establish associations between the functionality components and the concepts of quality of life and subjective wellbeing 28 . The Fugl-Meyer Assessment, the Berg Balance Scale and the Timed Up and Go test were the most common tests in the studies, followed by the Barthel Scale, the SF-36, the 10-minute Walk Test and the Functional Reach Test. The Fugl-Meyer Assessment is largely used in literature to evaluate sensorimotor function in hemiplegic patients 29, 30 , and it shows high confidence levels, both intra-and inter-examiner, allowing its use as a clinical evaluation instrument and as a research instrument in stroke [29] [30] [31] . Balance evaluations were conducted, in most cases, using the Berg Balance Scale and the Timed Up and Go test, followed by the Functional Reach Test. The Berg Balance Scale was shown to have an excellent confidence level when it comes to stroke patients 32 . The Timed Up and Go and the Functional Reach Tests are simple and objective measures, easy to apply in clinical practice 33 . The validity of these tests are good, with excellent intra-and inter-examiner confidence levels when applied to people after a stroke 29, 34 . The evaluation of the outcome "balance" was conducted combining at least two tests: three studies combined the Berg Balance Scale and the Timed Up and Go test, while two combined these two measurements with the Functional Reach Test. Recent studies highlighted that evaluations of static and dynamic balance are very often in agreement, reiterating the need for the use of the two tools simultaneously -especially the Berg Balance Scale and the Timed Up and Go test 33, 35 . The Barthel Index was the most widely-used instrument to evaluate DLA and was identified in the literature as the second most used tool to evaluate the results of clinical trials after stroke. This index has favorable construct validity to measure activity according to the WHO, and its inter-and intra-examiner reliability is considered moderate to high 36 . Information on quality of life is an important outcome in the evaluation of stroke patients and in the use of different treatments. The SF-36 was used to evaluate quality of life in two studies in this review, while another two used specific instruments for stroke patients. The SF-36 is described in the literature as the most used generic instrument to measure quality of life in the general population 37 , presenting a satisfactory internal consistency, as well as validity and test-retest reliability for the eight sub-assessments for stroke patients 37, 38 . The analysis of the intervention protocols used in the studies included in this review showed great variability regarding the number of sessions, the length of each session and the total length of the treatment. However, the predominance of short-to-moderate length and low-intensity protocols stand out in regards to weekly sessions. Only two studies applied short high-intensity protocols (one session only). The intervention methodology of most studies was applying two sessions a week, lasting from 30 to 60 minutes each, throughout the six weeks.
Recent systematic reviews have also pointed out these differences in the intensity and length of the interventions that evaluated the efficiency of the VR 39, 40 . Laver et al. 41 suggested that longer interventions (more than 15 hours overall) were the best option, as well as personalized virtual reality interventions; however, their findings were not statistically significant. Considering the diversity of intervention protocols, future studies need to analyze the prognosis of stroke patients who are going through rehabilitations using VR, to define the minimum length the intervention must have for improvements to be detected, and the ideal length of each session, thus making this technique more viable.
This review found important differences in the results, when the main outcomes of each study were compared. Dynamic balance, upper limb motor function, quality of life and DLA improved significantly in different studies. However, other studies did not find any improvement in the outcome of these variables after VR was used. The comparison between the efficiency of VR coupled with conventional treatments also showed an inconsistency between the evidences, as some investigations found that VR brought benefits, while others did not find differences between the results of the different groups. This result instability is also found in the literature. Li et al. 42 , through a meta-analysis, gave support to the use of VR to improve balance after strokes. However, Santos et al. 43 suggested that the data was not clear regarding the efficiency of VR to improve balance and functional independence. Lee 13 indicated VR as an effective and clinically-applicable therapeutic strategy for the functional recovery of upper limbs in the treatment of stroke patients. On the contrary, Laver et al. 41 found that the use of VR and interactive video games were not more beneficial than conventional therapeutic approaches to improve the function of upper limbs, balance or quality of life. These authors point out that VR may be beneficial to improve DLA only when used as an addition to conventional treatments, increasing the overall duration of the therapy 41 . These results show that there are evidences suggesting the efficiency of VR in the rehabilitation of stroke patients, but that these are not sufficient to support, without doubt, their use in these cases. Therefore, the results found in the articles analyzed in this review must be interpreted carefully, especially regarding the differences in the samples, intensity and length of the therapies, which makes the studies more difficult to compare and less viable for generalization.
FINAL CONSIDERATIONS
This review found a large number of studies, published in 2004 or later, that had analyzed the use of VR in stroke patients, and used research designs that were appropriate to investigate evidence of efficiency. Adult chronic patients were the most prevalent in the samples, which varied greatly in size from one study to the other. The Nintendo Wii ® and sports games were the video game system and type of game most used during therapies. The main outcomes measured were balance, upper limb motor function, quality of life and DLA. Most protocols had short to moderate durations (six weeks) and low intensity regarding the number of weekly sessions (two sessions). The results varied with respect to the efficiency of VR, considering both the improvement in the outcomes and the comparison with traditional treatments.
This review contributes to a better understanding of VR and the use of this technique in a clinical context by rehabilitation professionals. The characteristics of the intervention protocols described in this study should be incorporated in the elaboration of new research on the prognosis of stroke patients who are using VR in their rehabilitation. It is also recommended that new research focuses on the efficiency of the VR regarding DLA and social participation.
